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Abstract 
Regulation of forensic practice in many countries prevents the pathologist performing an immediate 
autopsy. During the period prior to autopsy, the corpse and the insects possibly associated with it are 
stored in a mortuary with temperatures ∼4°C. When a corpse is found in a late stage of decay, fly 
immatures may be present as small or large larval masses. The purpose of refrigeration at 4°C is to 
slow down the decomposition of the corpse as well as the temporary disruption of the activity and 
development of the bacteria and the necrophagous insects associated with the corpse. The aim of this 
research is to investigate the growth and development of different larval masses of the blowfly Lucilia 
sericata (Meigen) (Diptera: Calliphoridae) when stored in a cold environment (4°C). The research 
was divided into experimental sessions comprising different storage conditions (continuous or cyclic 
exposure to a cold environment) for immature stages (second and third instar) and included four 
different sizes of larval mass (∼100, 500, 1,000, and 5,000 larvae) feeding on 4 kg of beef liver and 
replicated three times. Results show that if the larval mass has a size of ∼5,000 larvae, and the larvae 
have already reached third instar, then when they are exposed to a cold environment, their 
development continues. The storage condition at 4°C does not disrupt the development of such larvae. 
The number of larvae and their instar that make up the larval mass are essential data for the 
subsequent estimation of a correct minimum postmortem interval. 
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The period between a death event and the discovery of a body (corpse or carcass) is defined as the 
“time since death”, and in general, in the forensic entomology practice, it is identified as the minimum 
postmortem interval (minPMI; Byrd and Castner 2010). In a natural situation and without physical 
and chemical impediments, the necrophagous fauna, especially insects, uses the corpse for food, 
shelter, and reproduction (Byrd and Castner 2010). When freshly dead, it is recognized that the body 
is attractive primarily to blow flies (Diptera: Calliphoridae), which lay their eggs or their larvae onto 
the body (Smith 1986, Byrd and Castner 2010). These blow fly eggs hatch into larvae which feed on 
the decomposing remains. As the decomposition progresses, the blow fly larvae present on the body 
develop through three instars (L1, first instar; L2, second instar; and L3, third instar), and as the 
habitat changes, the body becomes more attractive to other species of insects and arthropods (Smith 
1986). In the majority of species, blow fly larvae leave the corpse during the final period of the L3 
(postfeeding larva and wandering larva) to find a suitable place to pupate before emerging as an adult 
fly (Ullyett 1950b, Byrd and Castner 2010). 
Insects are ectothermic organisms, so their development is typically determined by the environmental 
temperature, increasing primarily in a linear manner to optimum temperatures (Chapman 1980). As 
insect development is temperature-dependent, the minPMI can be estimated by determining the oldest 
blow fly stages on the body (Greenberg 1991), together with the knowledge of meteorological and 
many other environmental factors at the scene (Anderson 2005). Added to this, fly larvae of many 
species feed gregariously, forming larval masses that are significantly exothermic when the larvae 
reach the L2 and L3. These larval masses are capable of raising the temperature above ambient and 
the extra heat can influence the rate of larval development (Charabidze et al. 2011) as well as the 
speed of larval locomotory movements (Miller 1929, Charabidze et al. 2008). As a consequence, 
larvae that are part of a larval mass may not develop at the ambient temperature at the scene, but 
rather at higher temperatures produced by the larval mass itself (Dadour et al. 2001, Slone and Gruner 
2007). Catts (1992) recorded a temperature of a larval mass 20°C greater than the highest ambient 
temperature at the time. Dadour et al. (2001) studied the developmental rate of larval masses of 100, 
1,000, 3,000, 4,000, and 5,000 larvae at both constant (24°C) and fluctuating (19–30°C) temperatures. 
They demonstrated that, in general, the effects of temperature and larval mass size on the rate of larval 
instar change were not obvious. For example, for larvae developing in masses of 100, 1,000, 2,000, 
3,000, and 5,000, at 20 h of development, the amount of larvae attaining L2 when exposed to the 
fluctuating temperature regime was greater than at the mean constant temperature. Furthermore, they 
observed that larval mass had a significant effect on larval instar between 38 and 42 h of development, 
where the 90% of the larvae reared in masses of 3,000, 4,000, and 5,000 had reached L3 at both 
constant and fluctuating temperature regimes, while for all other masses <20% of the larvae matured 
to L3. Heaton et al. (2014) also showed that only a minimum mass size of 1,200 individuals can 
produce temperatures significantly warmer than ambient temperature. Slone and Gruner 
(2007) and Richards et al. (2009) noted a relationship between the size of the larval mass and the 
temperature of the mass, but both had insufficient information to formulate a model of the thermal 
environment of gregarious larval masses. At present, a discrete body of literature has been focused on 
the thermal effects of larval mass size in several fly species (Catts 1992, Dadour et al. 
2001, Huntington et al. 2007, Slone and Gruner 2007, Richards et al. 2009, Charabidze et al. 
2011, Heaton et al. 2014), but only Johnson et al. (2013) suggest that bacterial metabolism plays a 
more significant role in carcass thermogenesis than the larval mass itself. 
The practice of forensic entomology suggests collecting insect material both at the crime scene where 
the decomposed remains are found and during the autopsy, in order to obtain a complete set of data to 
correctly calculate the minPMI (Amendt et al. 2007, Byrd and Castner 2010). When a larval mass is 
found on a body, live samples must be stored in vials under controlled conditions (i.e., temperature 
and humidity known) and also some larval specimens should be killed with hot water (80–90°C), then 
placed in 70–95% ethanol. If hot water is not available at the scene, the larvae should be kept 
refrigerated (Amendt et al. 2007, Byrd and Castner 2010) and transported to the laboratory for 
processing. At present, there is no standard protocol for analyzing the effects of larval mass, or for 
applying some correcting factor to determine rates of development in situations where they occur. The 
“best practice in forensic entomology” only suggests recording temperatures of any larval masses 
present on the corpse or carcass (Amendt et al. 2007). Larval mass temperatures may be recorded 
using an infra-red thermometer (Dadour et al. 2001) or by inserting or a long probe thermometer into 
the mass (Magni et al. 2008, Gennard 2012). Gennard (2012) also suggests that if any larval mass is 
noted, it should be photographed prior to sampling. The recorded temperatures must be taken into 
consideration when calculating the thermal history of the developing insects. However, this is when 
problems arise, as the larval mass temperature may be 20°C above threshold development, which 
might indicate that development has been arrested due to the amount of heat generated (Zalom et al. 
1983). Alternatively, the individuals may adjust themselves within the aggregation and develop at 
their optimum temperature. In many cases, this may still be above ambient temperature. For 
example, Chrysomya albiceps Robineau-Desvoidy (Diptera: Calliphoridae), a species of forensic 
importance with a worldwide distribution (Smith 1986), cannot complete its development below 
15°C, but when a sufficient number of individuals are present, it can form a larval mass which raises 
the temperature of the microclimate in a manner that allows the larvae to continue their development 
(Gennard 2012). 
Unfortunately, due to the general lack of knowledge by law enforcement and pathologists concerning 
sampling at a crime scene, larval mass temperatures are rarely recorded, and, in many cases, the 
sampling of insect evidence only occurs during the autopsy. Therefore, the period between the 
recovery and the autopsy may range from a few hours to several days (Amirante 2010). The corpse 
may be taken out of the fridge for a short period of time to perform investigations such as collection 
of fingerprints and DNA sampling (Di Maio and Di Maio 2001) before the autopsy actually takes 
place. The period of time needed for such practices generally does not exceed more than a few hours. 
The body is usually refrigerated at about 4°C to slow down the decomposition of the corpse, and in 
doing so also disrupts the activity and the development of the insects associated with the corpse (Di 
Maio and Di Maio 2001). However, this does not seem to be the case, with some recent research 
indicating that the thermal stress of cooling only slows this process but little is known about the 
change in the development rate (Johl and Anderson 1996, Myskowiak and Doums 2002, Huntington 
et al. 2007). In 2007, Huntington et al. (2007) demonstrated the cooling effects of morgue storage on 
the development of blow fly larval masses on swine carcasses. They reported that if it is assumed that 
no insect development takes place during preautopsy refrigeration, then potential error rates of 8.6–
12.8% in PMI estimation will occur (Huntington et al. 2007). 
The purpose of this research is to determine the development of immature stages of blow flies when 
different masses of larvae are exposed to periods of cooling. This research is focused on the growth 
and development of Lucilia sericata (Meigen) (Diptera: Calliphoridae), one of the most prevalent 
species collected at crime scenes and used for the estimation of the minPMI (Introna et al. 1989, 
Greenberg 1991, Grassberger and Reiter 2001). The following experiments are concerned with four 
larval masses (100, 500, 1,000, and 5,000 larvae) of immature life stages (L2 and L3) on a food 
source (4 kg of beef liver) when exposed to low temperature storage (4°C) either continuously or over 
cyclic periods of cooling. 
 
Materials and Methods  
Rearing of Insects  
Lucilia sericata were from colonies which originated from wild flies caught within Perth region, WA, 
Australia. The colonies represented a mixture of ages between three and five generations. Flies were 
reared in fly cages (30 by 30 by 50 cm deep) at 23°C with 20% relative humidity and a photoperiod of 
12:12 (L:D) h. Temperature data in this research were recorded using Tinytag data-loggers, with data 
being recorded every 15 min and the average temperature calculated every hour. Adult flies were fed 
daily with water and sugar cubes ad libitum. Five days after emergence fresh beef liver was presented 
to adult flies to allow them to feed and develop their ovaries. After 10 d, fresh beef liver was again 
placed in the cages in order to allow females to oviposit. The meat was observed every 10 min to 
record female oviposition (identified as zero hour in the experiment). 
Experiment Design 
Food Substrate 
Liver was the base ingredient of the colony food in the laboratory, and this medium was used in all 
experiments (Cook and Dadour 2011). In order to determine the ideal amount of liver for the 
experiments, two main factors were considered: 1) the cooling rate of different amounts of meat and 
2) the amount of meat consumed by single larvae in an optimum situation. 
Concerning the first factor a comparative observation of the cooling rate of different amounts of liver 
was performed. Boxes containing 1.0, 3.0, and 5.0 kg of liver at ambient temperature (23 ± 1.2°C) 
were placed into the refrigerator (Westinghouse fridge, 4.0 ± 0.5°C), and their temperature was 
recorded by a Tinytag data-logger. Using 1.0 kg of beef liver resulted in the substrate cooling quickly 
and reaching temperatures equal to the fridge temperature, whereas 3.0 and 5.0 kg of beef liver both 
maintain a temperature equal to or 1°C higher than fridge temperature. 
Concerning the second factor, several researchers describe physiological strategies of blow flies and 
how they respond to situations of food shortage (Andrewartha and Birch 1986). For example, when 
the food is scarce blow fly larvae may develop into smaller adults (Ullyett 1950a) or when the food is 
not available they die as larvae (Nicholson 1950). In order to avoid additional variables such as larval 
size, physiological stress, or premature death due to food shortage, the conservative proportion of 1.5 
larvae per 1 g of meat consumed was considered (Charabidze et al. 2011). As a consequence, 4 kg of 
beef liver was the amount of food substrate used in all subsequent experiments. 
Larval Masses 
The experiment was carried out using masses of ∼100, 500, 1,000, and 5,000 larvae (simply referred 
to as “∼100, ∼500, ∼1,000, and ∼5,000” in this research), calculated in milligrams of freshly laid 
(within 3 h from oviposition) eggs (4.5, 22.5, 45, and 225 mg). The number of eggs was a 
conservative calculation based on the weight of the lightest egg produced by Lucilia 
cuprina (Wiedemann) (Diptera: Calliphoridae) (0.045 mg within 3 h from oviposition; Webber 1955). 
Furthermore, a preliminary trial was conducted to confirm the number of individuals of L. 
sericata present in 4.5 mg of freshly laid eggs. Three groups of 4.5 mg fresh laid L. sericata eggs were 
reared until pupation, and the number of pupae were counted. The number of pupae was 117.3 ± 0.9 
(mean ± SE) with 7.3 ± 0.4 larvae failing to pupate. 
Experiment Phases 
The design of all the experiments consisted of three phases: LAB1: period of insect development in 
the laboratory, from when the eggs were laid until the eclosion (control) or until they were placed in 
the cold environment (Experiments 1 and 2); FRIDGE: period of time spent in the cold environment 
(Westinghouse fridge, 4.0 ± 0.5°C). This time was either continuous (Experiment 1) or cyclic 
(Experiment 2); LAB2: development from time of removal from the cold environment to eclosion in 
the laboratory. During all experiments, the temperature in the laboratory was at a constant 23 ± 1.2°C 
and during the larval feeding period a temperature probe (Tinytag data-logger) was inserted into the 
beef liver of each treatment and remained in the liver until the postfeeding stage (Table 1). 
Aging Larvae 
To determine the age of larvae for Experiments 1 and 2, six replicates of each group of ∼100, ∼500, 
∼1,000, and ∼5,000 eggs were placed in separate rearing boxes each containing 4 kg of fresh chopped 
beef liver placed on plastic plate upon a substrate of dry sand for pupation. The treatments were 
divided in separate rearing boxes and maintained in the laboratory (LAB1) until larvae were 2 d and 
4 d old. On day 2, 100 random individuals of three replicates of each group were sacrificed (in hot 
water) and preserved (in ethanol 70%; Amendt et al. 2007) to identify the instar of the larvae based on 
the number of slits inside the peritreme of the posterior spiracles (L1 one, L2 two, L3 three 
slits; Smith 1986, Gennard 2012; observed using a light microscope Leica MZ8). This procedure was 
replicated on day 4 on 100 random individuals from the remaining three replicates of each group. 
Controls 
Three replicates of ∼100, ∼500, ∼1,000, and ∼5,000 eggs were placed in separate rearing boxes each 
containing 4 kg of fresh chopped beef liver placed on plastic plate upon a substrate of dry sand for 
pupation. The treatments were divided in separate rearing boxes and maintained in the laboratory 
(LAB1) until adult eclosion. 
Experiment 1—Continuous Exposure to Cold Environment 
The design of the following experiments simulated a corpse arriving at the mortuary and then placed 
in refrigeration at 4°C. Three replicates of two groups of fly eggs totaling ∼100, ∼500, ∼1,000, and 
∼5,000 eggs were placed in separate rearing boxes each containing 4 kg of fresh chopped beef liver 
placed on plastic plate upon a substrate of dry sand for pupation. 
The LAB1 period for the first group was 2 d, while the LAB1 period for the second group was 4 d. 
The FRIDGE period following the LAB1 period for each group was for 3 d. After this period, the 
containers were removed from the refrigerator and left in the laboratory until emerging as adult flies 
(LAB2). As eclosing time approached, the colonies were checked regularly four times a day (00 a.m., 
06:00 a.m., 12:00 a.m., 06:00 p.m.), and the time of the first eclosion was noted. 
The two groups (2 d old and 4 d old) were compared with the control treatment to ascertain the time 
required to reach the adult instar for the larvae as a function of the different larval mass sizes (∼100, 
∼500, ∼1,000, and ∼5,000 larvae), and whether this was a consequence of the age when the larvae 
were placed in the refrigerator. 
Experiment 2—Cyclic Exposure to Cold Environment 
The design was similar to Experiment 1; however, this experiment was conducted over a protracted 
period, simulating when the corpse is removed from refrigeration to conduct forensic tests and then 
placed back in refrigeration. This can occur a number of times prior to autopsy. The LAB1 period for 
the first group of larvae was 2 d, while the LAB1 period for the second group of larvae was 4 d. The 
FRIDGE period following the LAB1 period for each group was in total 3 d, but this period alternated 
between in the refrigerator and the laboratory: 24 h in the refrigerator, then 6 h in the laboratory, then 
20 h back in the refrigerator, then 6 h back in the laboratory, then 20 h back in the refrigerator, and 
finally the rest of the time in the laboratory (LAB2). As eclosion time approached, the colonies were 
checked 4 times/d, and the time to first eclosion was noted. 
Similar to Experiment 1, this experiment was compared with the control treatment to ascertain the 
time required to reach the adult instar for the larvae as a function of the different larval mass sizes 
(∼100, ∼500, ∼1,000, and ∼5,000 larvae), and whether this was a consequence of the age (2 d old 
and 4 d old) when the larvae were placed in the refrigerator. 
Statistical Analyses 
In order to identify the modification in the rate of growth of the fly larvae, the developmental data 
obtained from exposure to the FRIDGE were compared with a control set of fly larvae developing at 
the laboratory temperature. In this experiment, the age of the insects was identified using absolute 
time (hours) to eclosion. 
Comparison of total time elapsed from egg with adult instar for each of the treatment group 
combination of types of exposure and larval masses were assessed using analysis of variance, with the 
replicates as blocks, and post hoc comparisons with control group were assessed using Dunnett’s 
test. P -values <0.05 were considered as statistically significant, and the data were analyzed using 
SPSS Version 21. The residuals from the analyses were checked to ensure that the assumptions 






Results of the treatments directed to identify the instar of larvae reared at 23°C for 2 d and 4 d in the 
different larval masses are the following. All the larvae that spent 2 d at 23°C reared in masses of 
∼100, ∼500, ∼1,000 reached the L2, while a small number of larvae (1.6%) reared in a mass of 
∼5,000 larvae had also molted into L3. All the larvae that spent 4 d at 23°C reared in masses of ∼100, 
∼500, ∼1,000, and ∼5,000 reached L3. As well, all the L3 larvae observed in the treatments were 
feeding on the liver substrate. No postfeeding larvae were present in any of the treatments before the 
period of FRIDGE. 
Recorded Temperatures 
The temperature trend recorded by the temperature probe in each treatment combination (control, 
continuous, and cyclic), larval age (L2 and L3), and larval masses (∼100, ∼500, ∼1,000, and ∼5,000 
larvae) were similar (<1°C of difference between the replicates) in all three replicates (Table 1). For 
ease of observation, the average of the three replicates is shown in Fig. 1. The temperature registered 
in the different treatments never reached or exceeded the temperature recorded as the upper lethal 
limit for L. sericata, 35°C (Wall et al. 2001). The following results concerning temperature changes 
for each exposure and larval mass are descriptive. These results are necessary to understand the 
eventual differences in how larvae develop at different masses when exposed to continuous and cyclic 
cold environments. 
Control (Fig. 1 a) 
The effect of the larval mass was relevant only in the treatments with larval masses of ∼1,000 and 
∼5,000 larvae. The temperature of these treatments increased by ∼6.5°C, while for masses of ∼100 
and ∼500 larvae, there was no temperature change caused by the larval mass. The maximum average 
temperature in the treatments with ∼1,000 and ∼5,000 larvae (27.4 and 28°C) was recorded between 
3.6 and 3.8 d (87–93 h) from the zero hour of the experiment. The average temperature recorded in the 
treatments with ∼100 and ∼500 larvae overall the entire experiment was between 20.3 and 22.8°C. 
Experiment 1—Continuous Exposure (Fig. 1 b, c) 
In all treatments, the temperature decreased to ∼4°C following exposure to the cold environment. The 
temperature of both L2 and L3 treatments in masses of ∼100 and ∼500 larvae did not show any 
increase of temperature before as well as after the period of cold exposure. Treatments with ∼1,000 
and ∼5,000 L2 larvae showed a small increase of temperature (1–2°C for each treatment) after the 
period of FRIDGE, while the temperature trend of treatments with ∼1,000 and ∼5,000 L3 larvae 
showed an increase of temperature before the period of FRIDGE (∼5°C for ∼1,000 larvae and about 
7°C for ∼5,000 larvae treatment). 
Experiment 2—Cyclic Exposure (Fig. 1 d, e) 
All treatments reached 4°C during all cycles, with the exception of larval mass ∼5,000 L2 larvae 
during the second and the third cycle of exposure to the FRIDGE. Temperature trends for both masses 
of ∼100 and ∼500 L2 and L3 larvae did not show any increase in temperature before or after the 
cycles of FRIDGE. Following three cyclic exposures to the FRIDGE, the larval mass of ∼1,000 L2 
larvae showed an increase in temperature of ∼4°C. In the larval mass of ∼5,000 L2 larvae, there was 
an increase of temperature (6°C) after being exposed to the three cycles of the FRIDGE environment. 
In comparison, treatments with ∼1,000 and ∼5,000 L3 larvae prior to their exposure to the FRIDGE 
showed an increase in temperature (7–8°C). 
During the three cycles of LAB or FRIDGE exposure, the differences between the maximum and 
minimum temperatures observed in ∼100 and ∼500 L2 and L3 larval mass were ∼10°C (min. 8.3°C, 
max 10.7°C). In the treatment with ∼1,000 L3 larvae, this difference decreases to 6.4°C. When the 
larval mass of ∼5,000 L2 and L3 were exposed to these cyclic periods of LAB and FRIDGE the 
temperatures oscillated between 8 and 16°C. 
 
Development Subject to Continuous and Cyclic Cold Exposure 
Comparisons of time elapsed from egg to adult instar for each of the larval mass compared with the 
control group when either L2 or L3 larvae are exposed to the FRIDGE environment are shown 
in Table 2. The time elapsed from egg to adult instar for all larval masses except ∼5,000 L3 larvae 
exposed to both continuous and cyclic FRIDGE environment are significantly longer than the 
controls. The time elapsed for larval mass ∼5,000 L3 larvae was not significantly different from the 
control for both continuous and cyclic exposure (Table 2). 
 
Discussion 
As stated by Slone and Gruner (2007), heat generation in aggregations of feeding fly larvae (= larval 
masses) is a phenomenon which may result in an overestimation of the PMI if the temperatures that 
are internally generated by the mass are overlooked. The current project is the first research that 
investigates the effects of subjecting four known larval masses of L2 and L3 larvae of L. sericata to 
cold temperatures for varying periods of time (continuous and cyclic cold exposure). 
Myskowiak and Doums demonstrated (Myskowiak and Doums 2002) that at different stages of 
development, individuals of Protophormia terraenovae (Robineau-Desvoidy) (Diptera: Calliphoridae) 
reared at 24°C when exposed to temperatures of 4°C for periods between 1–10 d induced significant 
changes on the duration of their development. The effect of low temperature on the developmental 
time to adult emergence prior to the return to 24°C depended on the larval stage that was refrigerated. 
When L1 and L2 larvae, prepupae, and pupae were refrigerated, the time to emergence at 24°C 
decreased with an increase of duration in the refrigeration period. These authors suggested that after 
10 d of cooling the error in estimating the PMI may be >6 h. This is a very conservative number of 
hours as in the current research on L. sericata this error can be between 2 and 72 h depending on 
which life stage and the size of the larval mass that is subjected to 4°C and for the extent of the 
exposure. However, Myskowiak and Doums (2002) do not specify the number of P. terranovae larvae 
present in their experiments. 
Thigmotaxis is a locomotory response in insects caused by touch and is a particular feature of dipteran 
larvae and influences their tendency to form larval masses (Gennard 2012). The larval mass can raise 
the temperature well above ambient, and this larval behavior is related to the number of larvae in the 
mass (Dadour et al. 2001). The temperature rise is a result of the kinetic energy produced by larvae 
that are feeding on a substrate [for a review of feeding effects see Charabidze et al. (2011)] and 
moving within the substrate (Miller 1929, Charabidze et al. 2008). Experiments by Charabidze et al. 
(2013) indicate that blow fly larvae do not feed continuously and they propose that the increase of the 
temperature in larval masses could be linked to the larval foraging behavior. As observed in other 
research (Wall et al. 1992, Rivers et al. 2010, Charabidze et al. 2011, Heaton et al. 2014), the increase 
of the number of individuals that feed together (= size of the larval mass) and the size of the single 
individuals (from L1, to L2 and L3) have a consequence on the kinetic energy produced and therefore 
on the larval mass temperature. 
Results clearly show that even when the temperature of the different larval masses varies with both 
the type of cold exposure (continuous or cyclic) and the instar of the larvae exposed to cold 
environment (L2 or L3), the numbers of hours needed to reach the adult instar depend only on the 
mass size and on the instar of larvae exposed to the cold environment. In fact, in the current 
experiment, the larval mass formed by ∼5,000 L3 larvae was the only mass size found not 
significantly different from the control after either a continuous or a cyclic exposure to the cold 
environment. When L3 larvae are feeding in a mass of ∼5,000 individuals 4°C becomes ineffectual at 
slowing their development. These larvae continue to feed on the substrate even if the environmental 
temperature is lower than their lower developmental threshold [of L. sericata 9–15°C (Greenberg 
1991, Wall et al. 1992, Marchenko 2001, Grassberger and Reiter 2002)]. These results differ from 
those of Johnson and Wallman (2014) on the effects of larval massing in Chrysomya 
rufifacies (Maquart) (Diptera: Calliphoridae) and Calliphora vicinaRobineau-Desvoidy (Diptera: 
Calliphoridae). They state that the temperature production by the larval mass is controlled by the 
massing activity irrespective of ambient temperature. However, in contrast with their statement, in 
their experiments, Ch. rufifacies was unable to survive at 8°C. Johnson and Wallman’s (2014) results 
differ from the results of the present research because in their experiments they tested a “small,” 
“medium,” and “large” number of larvae (∼10–50–100 mg of L1 larvae) where the mean number of 
individuals in each treatment were only 89, 320, and 633. These numbers of larvae are insufficient to 
be classified as larval masses. Indeed, Heaton et al. (2014), Dadour et al. (2001), and the present 
research show that the thermal effects of a larval mass can only occur in a mass >∼1,000 individuals. 
This is especially true for typical necrophagous calliphorids of similar size (e.g., L. sericata, P. 
terranovae, Calliphoravomitoria (L.), Calliphora dubia Maquart), while significant differences are 
generated by larger species such as sarcophagids (Rivers et al. 2010). 
Johnson and Wallman (2014) also state that mass size is the key to determining mass temperature, 
irrespective of species. However, they found that mass size significantly affected the temperature 
generation for Ch. rufifacies, but not C. vicina. The reason for this result can be attributed to the mean 
number of larvae of C. vicina in their experiment (44, 182, 350 larvae, respectively), which, according 
to the literature, does not constitute a larval mass. 
The results of the present research have important forensic implications. Firstly, when a corpse is 
being colonized by a larval mass of ∼5,000 or more individuals that have already reached L3, and it is 
stored in a mortuary, the insect activity and development continues during the period prior to the 
autopsy (Haskell and Williams 2009). This was observed by Lambiase and Camerini (2012) in a real 
case. Secondly in this situation, the identification of the larval age related to the colonization interval 
and the minPMI must be interpreted with caution. When a corpse is colonized with a larval mass of 
∼5,000 or more individuals in L3 and exposed to a cold environment, no correcting factors should be 
applied to identify the age of the larvae. Instead, it must be assumed that insect development takes 
place as if the corpse was not placed in cold storage. 
For larval masses of ∼100, ∼500, ∼1,000 formed by the aggregation of L2 or L3 larvae and for a 
larval mass of ∼5,000 L2 larvae, the time (hours) needed to reach the adult instar with respect to the 
control is significantly different from the control, both after a continuous and a cyclic cold exposure. 
Such larvae exposed to cold environments need more time (from a minimum of 26 h to a maximum of 
72 h) to reach the adult instar with respect to the control. The difference with the control decreases 
and tends to zero the higher the mass size. Furthermore, the time difference in reaching the adult 
instar between the treatments is not a function of the time spent in the cold environment. 
These results underline how difficult it is to obtain a correcting factor to obviate the effect of the 
larval mass. Huntington et al. (2007) who exposed swine carcasses colonized by different species of 
L3 blow flies larvae to a cold environment (about 4°C for a maximum of 51 h) observed that larval 
development continued during morgue storage. They found that if the assumption was made that no 
insect development took place during the time in cold storage before autopsy, there was a possible 
overestimation (a factor between 8.6 and 12.8%) of the insect age and consequently the minPMI. On 
the swine carcasses used in their experiments, one or more masses of L3 larvae were feeding on the 
carcasses, but the number of larvae present in the mass was not identified. Results of the present 
research show that in order to provide information concerning the development of a larval mass 
during a period of exposure to a cold environment, the identification of the larvae feeding on the 
corpse and the evaluation of the size of the mass are essential. Whereas the identification of larval 
instar is a simple practice based on the observation of the number of slits inside the peritreme of the 
posterior spiracles Smith 1986, Gennard 2012), the evaluation of the number of larvae in the larval 
mass can be difficult. To deal with this, a possible new technique (computed tomography [MDCT] 
scanner) has recently been adapted for estimating the volume of larval masses on corpse. This allows 
volume to be measured noninvasively and factored into larval mass temperature calculations for both 
casework and research (Johnson et al. 2012, Johnson et al. 2013). However, we must be judicious in 
how this data can be utilized forensically because in some cases larval masses are disturbed during 
transport to the mortuary and may be dispersed over the corpse and through the body bag. 
In conclusion, the accuracy of minPMI estimates based on ambient air temperatures is questionable, 
especially when a larval mass of blow fly larvae is feeding on a corpse. As observed in this current 
research, the groups of individual larvae produce heat so that the temperature of the 
microenvironment can be significantly greater than that of the ambient air (Deonier 1940, Waterhouse 
1947, Payne 1965, Early and Lee Goff 1986, Tullis and Goff 1987, Morris and Dadour 2005). 
The main objectives of this research were to investigate the influence of exposure to a cold 
environment (continuous or cyclic) of different larval masses consisting of larvae that were either L2 
or L3. One limitation of this research is the investigation of a single species of blow fly, L. sericata. 
However, this blow fly is one of the most common insects found at a crime scene, and the size of L. 
sericata larvae are similar to the majority of blow fly species that display necrophagous habits 
(e.g. Lucilia, Calliphora, Phormia, and Protophormia species). 
Conservatively, it is now possible to state that if the larval mass has a size at least between ∼1,000 
and ∼5,000 larvae that have already reached L3, and then exposed to a cold environment (e.g. 
mortuary) they continue to develop. No matter the type of exposure (continuous or cyclic) this has no 
influence on the development time of larvae. 
The current research concludes that the identification of the volume of the larval mass feeding on a 
corpse as well as the instar of the larvae of L. sericata present on the mass are essential data for the 
subsequent determination of a correct minPMI. 
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Table 1. Maximum and minimum average temperatures (T°C ± SD) recorded in the three repetitions 
of each treatment combination (control, continuous, and cyclic), larval age (L2 and L3), and larval 
masses (100, 500, 1,000, and 5,000 larvae) 
 









LAB1 FRIDGE LAB2 





100  20.3 ± 0.3  22.6 ± 0.3  /  /  
500  21.0 ± 0.2  22.8 ± 0.1  /  /  
1,000  20.9 ± 0.4  27.4 ± 0.6  /  /  
5,000  21.2 ± 0.2  27.4 ± 0.8  /  /  
Continuous  
L2  
100  20.8 ± 0.2  21.0 ± 0.3  3.9 ± 0.1  22.6 ± 0.1  
500  20.8 ± 0.3  21.1 ± 0.3  3.9 ± 0.1  22.5 ± 0.2  
1,000  20.9 ± 0.4  21.2 ± 0.5  4,1 ± 0.2  22.2 ± 0.1  
5,000  21.1 ± 0.3  21.6 ± 0.6  4.1 ± 0.2  23.7 ± 0.3  
L3  
100  20.8 ± 0.3  21.5 ± 0.2  4.0 ± 0.1  22.6 ± 0.1  
500  20.6 ± 0.2  21.3 ± 0.4  4.0 ± 0.1  22.5 ± 0.4  
1,000  20.9 ± 0.4  26.4 ± 0.3  4.0 ± 0.1  22.3 ± 0.4  
5,000  20.9 ± 0.5  27.6 ± 0.4  4.0 ± 0.2  23.0 ± 0.5  
Cyclic  
L2  
100  20.8 ± 0.2  20.8 ± 0.1  3.9 ± 0.1  22.6 ± 0.2  
500  21.0 ± 0.1  21.0 ± 0.2  3.9 ± 0.1  22.8 ± 0.2  
1,000  21.2 ± 0.3  21.3 ± 0.4  4.0 ± 0.1  24.1 ± 0.4  
5,000  20.9 ± 0.2  21.2 ± 0.4  4.0 ± 0.1  26.6 ± 0.3  
L3  
100  20.8 ± 0.1  21.5 ± 0.2  3.9 ± 0.1  22.6 ± 0.3  
500  20.6 ± 0.2  21.3 ± 0.2  3.9 ± 0.1  22.8 ± 0.1  
1,000  20.9 ± 0.2  27,6 ± 0.5  3.9 ± 0.1  22.3 ± 0.4  
5,000  21.3 ± 0.2  28.3 ± 0.7  4.3 ± 0.3  22.8 ± 0.3  
Table 2. Comparison of the time (mean of hours ± SD) elapsed from female oviposition (identified as 
zero hour) to the eclosion of the first adults: treatment groups versus control (three replicates per 
larval age, within each larval mass) 
 
Type of cold 
exposure  
Larval no. 
( N )                   Larval age at FRIDGE exposure 
No exposure to 
FRIDGE (Control)  L2  L3  
Continuous  
100  438 ± 6.0  494 ± 9.2***  498 ± 10.4***  
500  440 ± 6.9  492 ± 12.0***  488 ± 6.9***  
1,000  428 ± 3.5  484 ± 6.9***  478 ± 3.5***  
5,000  414 ± 6.0  442 ± 9.2***  418 ± 3.5  
Cyclic  
100  438 ± 6.0  492 ± 10.4***  510 ± 6.0***  
500  440 ± 6.9  486 ± 0.0***  500 ± 6.9***  
1,000  428 ± 3.5  456 ± 6.0***  454 ± 3.5***  
5,000  414 ± 6.0  440 ± 3.5***  416 ± 3.5  
 
 






Fig. 1. Temperature trends of larval mass in control ( a ), continuous exposure experiment when 
larvae were moved to FRIDGE in L2 ( b ) and L3 ( c ), cyclic exposure experiment when larvae were 
moved to FRIDGE in L2 ( d ) and L3 ( e ). For ease of observation, the graphs show the average 
temperature of the three replicates. 
 
 
 
 
 
 
